Purpose: Little research has been reported to date on the usefulness of olprinone in pediatric cardiac surgery, and no standard pediatric infusion protocol is currently established. Our study sought to confirm that the regimen described herein rapidly achieves the requisite plasma olprinone concentrations. Methods: For the purposes of our study, we enrolled 13 patients: 7 biventricular repair candidates and 6 Fontan-type operation candidates. We administered a continuous infusion of olprinone to our study subjects at 0.3 μg/kg/min with no loading dose starting approximately 30 minutes (min) before weaning from cardiopulmonary bypass (CPB). We performed blood sampling at 15, 30, 45, 60, 90, and 120 min after the start of infusion and at the same elapsed intervals after separation from CPB. We measured plasma olprinone concentrations using ultra-fast liquid chromatography. Results: We observed effective plasma olprinone concentrations (>20 ng/ml) at 30 min after weaning from CPB, or at 60 min after the start of infusion. Conclusion: We conclude that continuous olprinone infusion at 0.3 μg/kg/min without a loading dose initiated immediately after the release of aortic cross-clamping or immediately after the completion of all surgical procedures quickly and reliably achieves effective plasma concentrations.
Introduction
The effects of milrinone on hemodynamics and outcomes in pediatric cardiac surgery have been extensively investigated. A large multi-center study in North America (the PRIMACORP study) demonstrated high-dose milrinone significantly reduced mortality or the incidence of low cardiac output syndrome (LOS) after pediatric cardiac surgery and that even low-dose milrinone likewise tended to reduce mortality or LOS development, although low-dose results failed to reach statistically significant levels [1] . Milrinone is now widely administered to patients with congenital heart disease.
Olprinone is a phosphodiesterase-3 (PDE-3) inhibitor developed and commercially available in Japan since 1996. Several studies involving adults show olprinone reduces SVR and increases CI significantly during or after cardiac surgery, including coronary artery bypass graft or valve surgery [2] [3] [4] [5] . However, the manner of administration has differed from study to study, and no standard protocol has been established. In contrast to milrinone, little data on olprinone is available at this time, data on use during pediatric cardiac surgery in particular. Even optimal regimens for achieving effective blood concentrations remain uncertain. Our study sought to confirm that our infusion method rapidly achieves effective blood concentrations on weaning from CPB during pediatric cardiac surgery.
Methods

Materials
After local ethics committee approval and informed parental consent, 13 pediatric patients enrolled in this study underwent cardiac surgery under CPB at Tokyo Women's Medical University Hospital from March 2009 to September 2009. Our policies call for administering PDE-3 inhibitors in patients with congestive heart failure or pulmonary hypertension preoperatively and in patients regarded to be at high risk of LOS post-operatively. We selected these 13 patients at random from candidates for PDE-3 inhibitor administration by having the attending anesthesiologist (a study member but not a study coordinator) draw a hidden card for each patient. These cards were either blank or bore a red mark for olprinone infusion. If a blank card was drawn, the patient was given milrinone. The group of 13 subjects administered olprinone included 7 candidates for biventricular repair and 6 candidates for Fontan-type operation.
Olprinone Infusion
We initiated olprinone infusion at 0.3 μg/kg/min with no loading dose immediately after the release of aortic cross-clamping. In cases not involving aortic crossclamping, we began the infusion immediately after all surgical procedures had been completed. The study rules did not prevent the concurrent infusion of other cardiovascular active drugs (i.e., inotropes or vasodilators). The selection and infusion doses of such agents were generally left to the discretion of the attending anesthesiologists.
Plasma Olprinone Concentrations
We sampled blood to measure plasma olprinone concentrations at 15, 30, 60, 90, and 120 minutes (min) after the start of infusion and at the same elapsed intervals after separation from CPB. We collected 2 ml of plasma of each sample after centrifuging whole blood samples. We then measured plasma olprinone concentrations using ultra-fast liquid chromatography (UFLC) with a spectrofluorometric detector (Shimadzu, Kyoto, Japan). We assessed excitation/emission at 335/400 nm. The UFLC samples were prepared by extraction using ethyl acetate with milrinone as the internal standard (IS). We separated olprinone with a Shim-pack XR-ODS column (3.0 mm i.d. × 100 mm) with a mobile phase consisting of 10 mmol/liter phosphoric acid solution and acetonitrile (88:12, v/v) adjusted to pH 7.0. The analysis was performed at a column temperature of 25˚C. Retention times were 8.0 min for olprinone and 5.5 min for IS. The lowest limit of quantification was 5.0 ng/ml.
Results
Patients administered olprinone (n = 13) With respect to time after start of infusion, we achieved effective concentrations starting 60 min after infusion began (Figure 1(c) ).
Side Effects
We observed no signs of hypotension or arrhythmia with suspicious causal relationship to olprinone administration, for the duration for which the patient was administered olprinone.
Discussion
To the best of our knowledge, this study is the first to demonstrate the time course of elevations in plasma olprinone concentration after the start of infusion at weaning from CPB in pediatric cardiac surgery cases. The study results showed that our infusion protocol achieved effective plasma concentrations quite rapidly, within 30 min after weaning from CPB.
The infusion procedures used in other studies have varied from study to study, and several of these studies have measured and reported blood concentrations. In the adults described in the studies reported to date, a loading dose of 15 μg/kg followed by continuous infusion at 0.1 μg/kg/min achieved effective blood concentrations within 5 min after weaning from CPB [3] , while continuous infusion at 0.1 to 0.2 μg/kg/min without a loading dose took 1.5 to 2 hours [5, 6] . A study involving children showed that a bolus injection of 50 μg/kg produced elevations above the effective blood concentration within 30 min after weaning from CPB [7] . Another study confirmed levels above the effective blood concentration at 120 minutes after the initiation of continuous infusion at 0.4 μg/kg/min in ICU following pediatric cardiac surgery in all study subjects [8] . In two other studies that did not measure plasma olprinone concentrations in adult cardiac surgery cases, continuous infusion doses Table 1 summarizes the demographic data for the study subjects. Data are given as median with the range in parentheses.
Demographic Data for Study Subjects
Elevated Plasma Olprinone Concentrations
We successfully measured plasma olprinone concentrations for all 13 patients. Figure 1 illustrates the changes in plasma olprinone concentrations. The effective plasma concentration (>20 ng/ml) was achieved from 30 min after separation from CPB (Figure 1(a) ). After dividing the patients into three groups based on the time elapsed from initiation of infusion to separation from CPB, we found concentrations elevated above the effective concentration by 60 min after separation from CPB, even in patients with times of less than 30 min (Figure 1(b) ). (Figure 1(a) ). Even in patients for whom the time elapsed from initiation of infusion to separation from CPB was less than 30 min, concentrations reached or exceeded the effective concentration at 60 min after separation from CPB (Figure 1(b) ). With respect to the time from initiation of infusion, the effective concentration was achieved from 60 min after initiation of the infusion (Figure 1(c) ).
ranged from 0.05 to 0.3 μg/kg/min, whether or not a loading dose was administered [2, 9] . Both studies confirmed that olprinone infusion at 0.1 or 0.3 μg/kg/min achieved clinical hemodynamic stability: namely, significant tapering of concomitantly administered catecholamines [9] or significant increase in the cardiac index with reduced systemic vascular resistance [2] . Although a loading dose may assure effective blood concentrations following discontinuation of CPB, it also poses certain potential disadvantages, including the risk of BP depletion requiring noradrenaline administration [3] . We did not seek to achieve effective blood concentrations of olprinone at or before the discontinuation of CPB; rather, our goal was simply to achieve the effective concentration shortly after separation from CPB, generally within 60 min, thereby minimizing the risk of unwanted side effects. Given these goals, we eschewed a loading dose and high-dose infusions exceeding 0.3 μg/ kg/min. Ultimately, our infusion procedure-continuous infusion at 0.3 μg/kg/min without a loading dose after aortic clamp release or completion of the surgical procedure-achieved effective blood concentrations within just 30 min after weaning from CPB. Our data strongly supports the notion that the infusion procedure applied in this study is reasonable and adequate for rapidly achieving effective blood concentrations.
Limitations
Our study is subject to several limitations. First, to our knowledge, no study has been performed to date to determine the effective concentration of olprinone in children. Two earlier studies describing blood concentrations of olprinone in children have simply extrapolated an effective concentration from those for adults. We applied the same procedure in our study. Second, the sample size was small, and the study subjects varied significantly in several potentially important parameters, including age, diagnosis, pathophysiology, and severity of illness. Moreover, the extent and duration of various surgical insults, including time required for the surgical procedure, CPB time, and aortic cross-clamping time, differed from case to case. Some of these factors may affect the pharmacokinetics of olprinone. In the case of milrinone, Bailey et al. report that whereas CPB did not significantly alter the pharmacokinetics of milrinone in adults [10] , certain pharmacokinetic parameters-compartment volume and clearance in the third compartment in particular-exhibited wide inter-individual variations in children aged 3 to 22 months undergoing cardiac surgery [11] . Ramamoorthy et al. have shown that milrinone does not bind to CPB circuits and that infants (<1 year) had small clearance compared to children (>1 year), despite similar distribution volumes [12] . Ideally, a study characterized by a small sample size would control for such factors. Further studies of pharmacokinetics and the effects on circulation and oxygen delivery are needed to establish optimal olprinone infusion protocols.
In summary, the results of our study indicate our olprinone infusion procedure-continuous infusion at 0.3 μg/kg/min-rapidly and reliably achieved effective plasma concentrations.
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